(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

28.01.1998 Bulletin 1998/05 

(21) Application number: 97305608.8 

(22) Date of filing: 25.07.1997 



01) EP 0 821 408 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI 6 : H01L 21/60 



(84) Designated Contracting States: 


(72) Inventor: Yamamoto, Seiichi 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


Kashihara-shi, Nara (JP) 


NL PT SE 




Designated Extension States: 


(74) Representative: Brown, Kenneth Richard et al 


AL LT LV RO SI 


R.G.C. Jenkins & Co. 




26 Caxton Street 


(30) Priority: 25.07.1996 JP 196479/96 


London SW1H0RJ (GB) 


(71) Applicant: SHARP KABUSHIKI KAISHA 




Osaka-shi, Osaka-f u 545 (JP) 




(54) A structure of mounting a semiconductor element onto a substrate and a mounting method 


thereof 





(57) A semiconductor element/substrate mounting 
structure is formed by a first step of covering a resin film 
over the substrate together with a conductive portion: a 
second step of pressing and heating so that bumps pen- 



etrate through the resin film to come into contact with 
the conductive portion; and a third step of pressing and 
heating so that the bumps and the conductive portion 
become alloyed between the semiconductor element 
and the substrate. 
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Description 

BACKGROUND OF THE INVENTION 

(1 ) Field of the Invention 5 

The present invention relates to a structure of 
mounling a semiconductor element onto a substrate 
and a mounting method thereof, and in particular relates 
to a structure of mounting a semiconductor element onto to 
a substrate and a mounting method thereof wherein a 
semiconductor element (chip) having bumps is mounted 
to a conductive portion of a flexible substrate or the like. 

(2) Description of the Prior Art 15 

Referring to Figs.1 A-1 D, the prior art will be de- 
scribed. Figs 1 A through 1 D show procedural diagrams 
showing a mounting method of a semiconductor ele- 
ment of a conventional example. 20 

Consider a case as shown in Fig.1 A where a sem- 
iconductor chip 103 having bumps 102 consisting of 
gold is mounted to a flexible substrate 101 having a con- 
ductor pattern 100 as the conductive portion. Here, the 
surface of conductor pattern 1 00 is plated with tin. As to 25 
the number of the bumps, which corresponds to the 
number of terminals if the semiconductor chip is used 
as an IC, the chip has tens to hundreds of bumps, in 
general. 

First, as shown in Fig. 1 B, the substrate and the chip 30 
are placed so that bumps 1 02 contact conductor pattern 
100, and then they are heated and pressed to each oth- 
er. This process is perlormed at a temperature of 280°C 
to 600°C, and each bump is about 100 jam square and 
is pressed with a load of 10 to 60 gf. As a result, bumps 35 
102 and the tin plated on the surface of the conduclor 
pattern, form an alloy layer 104 consisting of gold and 
tin, whereby semiconductor chip 103 is fixed and elec- 
trically connected to flexible substrate 101. 

Next, as shown in Fig.lC, fluid resin 105 is applied *o 
between semiconductor chip 103 and flexible substrate 
101 and also fills up the chip side, finally producing a 
mounted structure of the semiconductor chip as shown 
inFig.lD. 

Fig. 2 is a sectional view showing a mounting struc- *9 
ture of a semiconductor element in accordance with an- 
other conventional example. Components having the 
same functions are allotted with the same reference nu- 
merals as those in Figs.1 A-1D. In this example, an an- 
isotropic conductive film 107 with conductive particles so 
106 dispersed therein is applied onto the surface ol a 
flexible substrate 101 with a conductor pattern 100 
formed thereon. A semiconductor chip 103 having 
bumps 102 is pressed over this anisotropic conductive 
film 107 while being heated. Bumps 102 and conductor ss 
pattern 100 on flexible substrate 101 are electrically 
connected by conductive particles 106 within anisotrop- 
ic conductive film 1 07. Semiconductor chip 1 03 and flex- 



ible substrate 101 are bonded by anisotropic conductive 
film 107 cured by heat. 

The applied pressure in this case is similar to that 
in the case of Figs.1 A-1 D while the temperature causing 
formation of an alloy layer as in Figs.1 A-1 D is not need- 
ed but it is only necessary to cure anisotropic conductive 
film 107: this means that the temperature is set at about 
200°C. 

In the conventional example shown in Figs.1 A-1 D, 
electrical tests, etc., are implemented for the finished 
product as shown in Fig. 1 D. That is, the product is ex- 
amined after alloy layer 104 has been formed between 
bumps 102 and conduclor pattern 100 of flexible sub- 
strate 101, and resin 105 as filler has been applied. In 
this case, however, semiconductor chip 103 has already 
been fixed firmly to flexible substrate 101 by alloy layer 
104. 

Accordingly, if, from the electrical tests etc., semi- 
conductor chip 103 turns out to be defective after the 
completion of the product, it is necessary to peel off con- 
ductor pattern 100 of flexible substrate 101 in order to 
remove the defective semiconductor chip 103. This 
means that flexible substrate 101 can not be reused, re- 
sulting in waste. 

Further, in the heating step shown in Fig. 1B where 
alloy layer 104 is formed, tin on the surface of conductor 
pattern 100 of flexible substrate 101 tends to gather to- 
ward bumps 102. As a result, there are cases where al- 
loy layer 104 largely spreads further out from the joint 
area between a bump 102 of semiconductor chip 103 
and conductor pattern 1 00. The thus formed alloy layer 
104 directly comes in contact with other neighboring 
bumps or other conductor patterns, causing edge leak- 
age. 

Further, since this substrate is a flexible one, if sub- 
strate 1 01 becomes bent at a portion A encircled in Fig. 
3, the overrun alloy layer 1 04 is liable to contact the end 
face of semiconductor chip 1 03. 

In the mounting structure and mounting method 
shown in Fig.2, anisotropic conductive film 107 was 
used. However, conductive particles 1 06 can not always 
be dispersed uniformly within the film, conductive parti- 
cles 106 may exist in relatively large densities at some 
places. These sites with a high particle density could 
cause damage to a circuit to be a joint area to semicon- 
ductor chip 103. 

Further, conductive particles 106 should ideally 
function as electrical communication between bumps 
102 and flexible substrate 101 , but ununiformity of con- 
ductive particles 106 heightens the connection resist- 
ance, or causes unreliable connection, in the worst 
case, causing disconnection. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a mounting structure of a semiconductor ele- 
ment and a production method thereof wherein if a sem- 
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(conductor chip turns out to be detective alter the com- 
pletion ol the product, it is possible to replace the detec- 
tive chip so as to reuse the substrate and it is further 
possible to establish a reliable conduction without caus- 
ing any edge leak problem, which occurred convention- 
ally. 

The present invention has been achieved to attain 
the above objecl. and the gist ol the invention is as fol- 
lows: 

In accordance with the first aspect of the invention, 
a semiconductor element/substrate mounting structure 
of mounting a semiconductor element having bumps on- 
to a conductor portion of a substrate via the bumps is 
characterized in that the bumps are alloyed so as to be 
integrated to the conductive portion on the substrate, the 
alloyed portion is formed penetrating through a resin fiim 
which is disposed so as to cover the substrate contain- 
ing conductive portion. 

In accordance with the second aspect of the inven- 
tion, a semiconductor element/substrate mounting 
structure having the above first feature is characterized 
in that the substrate is of a flexible type. 

In accordance with the third aspect of the invention, 
a semiconductor element/substrate mounting structure 
having the above first feature is characterized in that the 
resin film has characteristics which causes cross-linking 
at a temperature range within which the bumps and the 
conductive portion on the substrate become alloyed. 

In accordance with the fourth aspect of the inven- 
tion, a mounting method of a semiconductor element for 
mounting a semiconductor element having bumps so 
that the bumps are connected to a conductor portion of 
a substrate, includes: 

a first step of covering a resin film over the substrate 
together with the conductive portion, 
a second step of pressing and heating so that the 
bumps penetrate through the resin film to come into 
contact with the conductive portion; and 
a third step of pressing and heating so that the 
bumps and the conductive portion become alloyed 
between the semiconductor element and the sub- 
strate. 

In accordance with the fifth aspect of the invention, 
a mounting method of a semiconductor element having 
the above fourth feature is characterized in that the sub- 
strate is of a flexible type. 

In accordance with the sixth aspect of the invention, 
a mounting method of a semiconductor element having 
the above fourth feature is characterized in that the resin 
film has such a characteristic that no cross-linking reac- 
tion occurs during the second step and a cross-linking 
reaction occurs to cure the resin film during the third 
step. 

According to the configuration described above, 
electrical tests are adapted to have been already carried 
out before the bumps of the semiconductor element and 



the conductive portion of the substrate' are alloyed 
Therefore, when a semiconductor chip is judged as de- 
fective from the tests, only the defective semiconductor 
chip can be replaced easily so that the suDstrate itseli 

5 can be reused. Therelore. it is possible to reduce waste 
as compared to the conventional configuration thus 
providing a cost benefit. 

Further, since each bump is sunounded by the resin 
film when an alloy layer is formed by pressing and heat- 

to jng, no phenomenon occurs in which tin plating on the 
surface of the conductor pattern gathers toward the 
bumps thereby forming an alloy layer spreading out from 
the end face of the semiconductor chip . as mentioned 
as a problem in the prior art As a result, it is possible to 

is solve the problem of edge leakage which occurred in 
the conventional configuration 

The above effects are more effective especially for 
a flexible substrate having flexibility 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A-1 D are diagrams showing procedural steps 
of mounting a semiconductor element onto a sub- 
strate in accordance with a conventional example; 
2S Fig. 2 is a sectional view showing a method of 
mounting a semiconductor element onto a sub- 
strate in accordance with another conventional ex- 
ample; 

Fig. 3 is a sectional view for illustrating the problems 
30 of the conventional example shown in Figs.1 A-1 D; 
and 

Figs.4A-4D are diagrams showing procedural steps 
of mounting a semiconductor element onto a sub- 
strate in accordance with an embodiment of the in- 
35 vention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 One embodiment of the present invention will here- 
inafter be described with reference to Figs.4A-4D. Fig. 
4A through 4D are diagram, showing procedural steps 
for illustrating a mounting method of a semiconductor 
element in accordance with this embodiment. Compo- 

^5 nents having the same functions are allotted with the 
same reference numerals as those in the conventional 
example shown in Figs.1 A-1 D. 

In this embodiment, as shown in Fig.4A, a semicon- 
ductor chip 103 having bumps 102 consisting of gold is 

50 mounted onto a flexible substrate 1 01 with a conductor 
pattern 100 formed thereon. The insulating material in 
this flexible substrate 1 01 is made from polyimide or pol- 
yester and conductor pattern 100 is composed of cop- 
per. The surface of the copper is plated with tin. 

ss Here, the tin plating of conductor pattern 100 is 
0.1-5 \xm in thickness, and the height of bump 102 is 
5-50 um 

First, as shown in Fig.4B, a resin film 1 is applied 
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onto the surface of conductive pattern 100 and flexible 
substrate 101. The material of resin film 1 may use 
epoxy resin, polyester resin, fluororesin.. or any combi- 
nations of these. More illustratively, for example, aniso- 
tropic conductive film 107 used in the conventional ex- 
ample in Fig.2 with conductive particles 106 removed 
therefrom can be used. The thickness should be at least 
10 jim and sel greater lhan the heighl of bump 102. 

Next as shown in Fig.4C, bumps 102 of semicon- 
ductor chip 103 are pressed, while being heated, 
against conductor pattern 100 on flexible substrate 101 
with the resin film 1 in between. This heating tempera- 
ture is set at a range within which resin film 1 becomes 
softened but not cured. Here : the heating temperature 
was set at about 100°C. 

Since the surface of bumps 102 as well as the tin- 
plated surface of conductor pattern 100 has been rough- 
ened because of crystal growth during plating, bumps 
102 and conductor pattern 100 are brought into contact 
with each other penetrating resin film 1 during the above 
pressing and heating process. 

When conductor chip 103 and flexible substrate 101 
are electrically connected, necessary electrical tests 
etc. are implemented. At this stage, the final product as- 
sembly has not yet been finished, and the tests are im- 
plemented with the electrical connections temporarily 
completed. In this case, once bumps 102 are made into 
contact with conductor pattern 100, the connected state 
continues even through semiconductor chip 103 is not 
pressed against flexible substrate 101. Still, it is prefer- 
able to provide a slight pressure in order to ensure the 
electrical connection. From the result of these tests; if 
semiconductor chip 103 turns out to be defective, the 
semiconductor 103 is removed from the flexible sub- 
strate 101. 

In Ihe conventional configuration, since it is una- 
voidable that a defective chip be removed after the for- 
mation of alloy layer 104 between bumps 102 and con- 
ductor pattern 100, conductor pattern 100 is peeled off 
altogether when the defective chip is forcibly removed, 
making it impossible to reuse the substrate. In contrast, 
in accordance with this embodiment, bumps 1 02 are on- 
ly put in contact with, but not connected to, conductor 
pattern 100, it is possible to easily remove only the de- 
fective chip without causing high stress in conductor pat- 
tern 100 of the flexible substrate. 

As a result of the electrical tests, if no problems are 
found, semiconductor chip 1 03 and flexible substrate 
101 are pressed together whilst being heated so that 
bumps 1 02 and conductor pattern 1 00 form an alloy lay- 
er 104, thus completing a reliable chip-substrate con- 
nection, as shown in Fig.4D. Here, the conditions of 
heating and pressing are the same as in the case of 
Figs.1A-1D. Specifically, this process is performed at a 
temperature of 280°C to 600°C, and each bump is about 
1 00 \im square and is pressed with a load of 1 0 to 60 gf . 

When the abovaalloy layer 104 is formed, resin film 
1 also becomes cured. In this way, it is necessary to 



achieve curing or hardening due to cross-linking in resin 
film 1 at a high temperature range within which the alloy 
layer can be formed. Accordingly a resin film having 
characteristics of becoming cured at high temperatures 
5 is used in this embodiment. 

As has been described heretofore, in this embodi- 
ment, since the electrical tests are implemented before 
the previous step shown in Fig.4C, i.e., before forming 
an alloy layer 104 from bumps 102 of semiconductor 
™ chip 103 and conductor pattern 100 of flexible substrate 
101 , a defective semiconductor chip 103, if found, can 
be replaced easily so that flexible substrate 101 can be 
reused. This can reduce waste as compared to the con- 
ventional configuration, providing a cost benefit. 

Further, because resin film 1 is punched by bumps 
102 in the step shown in Fig. 40, bumps 102 have been 
already covered with resin film 1 in the pressing and 
heating process for forming an alloy layer shown in Fig. 
4D. Therefore, no phenomenon occurs in which tin plat- 
ing on the surface of conductor pattern 100 gathers to- 
ward bumps 102 thereby forming an alloy layer spread- 
ing out from the end face of semiconductor chip 1 03, as 
mentioned as a problem in the prior art. As a result, it is 
possible to solve the problem of edge leakage which oc- 
curred in the conventional configuration. 

When a flexible substrate which having flexibility is 
used as the substrate as in this embodiment, the sub- 
strate may be flexed during production or depending up- 
on the use thereof as shown in Fig.3. This caused edge 
leakage in the conventional configuration. However, ac- 
cording to this embodiment, this problem can be solved, 
so that this configuration is suitable, especially, for a 
flexible substrate etc., which has flexibility. 

In this embodiment, in place of using an anisotropic 
conductive film as described in Fig.2, the electrical con- 
nection between semiconductor chip 103 and flexible 
substrate 101 is made by alloy layer 104, so that it is 
possible to create reliable electrical connection. 

Although gold was used as the material for bumps 
1 02 and tin was used for plating the surface of conductor 
pattern 100 in the above embodiment, it is also possible 
to use solder as the material for bumps 102 and gold for 
plating conductor pattern 100 in a variational embodi- 
ment. In this case, the height of bumps 102 is set at 
5-100 j.im, and the thickness of the gold plating on con- 
ductive pattern 100 is preferably 0.05 pm or more. As 
to the temperature at a step corresponding to Fig.4D, 
200-350°C is suitable. The pressure is set at the same 
as in the above embodiment. 

Although flexible substrate 101 consisting of insu- 
lating material having conductor pattern 100 formed di- 
rectly thereon is used as the substrate in the above em- 
bodiment, a configuration in which an adhesive layer is 
provided between the substrate and the pattern can be 
used. The material for the substrate is not limited as to 
its flexibility, hard substrates made up of organic mate- 
rials, or ceramic substrates may be used. Materials 
which can be used as hard substrates include epoxy, 
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glass epoxy. polyletrafluoroethylene. phenol resins. Ma- 
terials which can be used as ceramic substrates include 
alumina, zirconia. silicon nitride and silicon carbide ce- 
ramics 

As described heretofore according to the invention, 
when a semiconductor chip is judged as defeciive from 
the electrical tests etc . only the defective semiconduc- 
tor chip can be replaced easily so thai (he subsliale itself 
onto which a semiconductor chip is to be mounted can 
be reused. Therefore, it is possible to reduce waste as 
compared to the conventional configuration., thus pro- 
viding a cost benefit. 

Further the alloy layer formed by the bumps of the 
semiconductor chip and the conductor pattern of the 
substrate will not spread out from the end face of the 
semiconductor chip so that it is possible to eliminate the 
conventional problem of edge leak where the alloy layer 
contacts other areas of the pattern etc , or the end of 
the semiconductor chip itself. 

This invention, does not use an anisotropic conduc- 
tive film, but uses an alloy layer to form electrical con- 
nection between the semiconductor chip and the sub- 
strate, so that it is possible to create reliable electrical 
connection. 



Claims 

1. A semiconductor element/substrate mounting 
structure of mounting a semiconductor element 
having bumps onto a conductor portion of a sub- 
strate via the bumps, 

characterized in that the bumps are alloyed so as 
to be integrated to the conductive portion on the 
substrate, the alloyed portion is formed penetrating 
through a resin film which is disposed so as to cover 
the substrate containing conductive portion. 

2. A semiconductor element/substrate mounting 
structure according to Claim 1, wherein the sub- 
strate is of a flexible type. 

3. A semiconductor element/substrate mounting 
structure according to Claim 1 , wherein the resin 
film has characteristics which causes cross-linking 
at a temperature range within which the bumps and 
the conductive portion on the substrate become al- 
loyed. 

4. A mounting method of a semiconductor element for 
mounting a semiconductor element having bumps 
so that the bumps are connected to a conductor por- 
tion of a substrate, comprising: 

a first step of covering a resin film over the sub- 
strate together with the conductive portion; 
a second step of pressing and heating so that 
the bumps penetrate through the resin film to 



come into contact with the conductive portion, 
and 

a third step of pressing and heating so that the 
bumps and the conductive portion become al- 
£ loyed between the semiconductor element and 

the substrate 

5. A mounting method ol a semiconductor element ac- 
cording to Claim 4. wherein the substrate is of a flex- 

io ibletype. 

6. A mounting method of a semiconductor element ac- 
cording to Claim 4. wherein the resin film has such 
a characteristic that no cross-linking reaction oc- 

15 curs during the second step and a cross-linking re- 
action occurs to cure the resin film during the third 
step 

7. A mounting method according to any of Claims 4 to 
20 6. including electrically testing the semiconductor 

element between the second and third steps. 

8. A mounting method according to Claim 7, wherein 
said electrical testing is carried out via the contact 

2S between at least one of said bumps and the con- 
ductor portion. 

9. A mounting method according to any of Claims 4 to 
8, wherein the temperature to which the resin film 

30 is heated is higher in said third step than in said sec- 
ond step. 

10. A method of mounting a semiconductor element 
having electrically conductive contact bumps onto 

35 a substrate so as to electrically connect said bumps 
by alloying to a conduclor portion of the substrate, 
characterised in that before performing a step 
of alloying the bumps to the conductor portion, said 
bumps are preliminarily brought into non-alloyed 

40 electrical contact with said conductor portion and 
electrical testing of the semiconductor element is 
carried out while maintaining said non-alloyed elec- 
trical contact. 

45 11. A method of mounting a semiconductor element 
having electrically conductive contact bumps onto 
a substrate so as to electrically connect said bumps 
by alloying to a conductor portion of the substrate, 
characterised in that the method includes 

so applying a resin film onto a part of the sub- 

strate including said conductor portion, and press- 
ing the semiconductor element onto the substrate 
and heating so that the bumps penetrate through 
the resin film so as to reach and alloy with the con- 

55 ductor portion. 

12. A method according to Claim 11, wherein said 
bumps are first brought into non-alloyed contact 



9 



EP 0 821 408 A2 



with the conductor portion, and an alloying step is 
then carried out. 

1 3. A method according to Claim 1 2, wherein the resin 
film is softened during the pressing step so as to 5 
facilitate the penetration, and is cured during said 
alloying step. 
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